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Abstract 
Asphalt shingle roofing is performed by specialty contractors in the construction industry with the roofing crew performing tasks in 
different areas on the roof simultaneously. While asphalt shingle roofing materials have improved, the roofing construction process 
has not changed significantly over the past 70 years.  
This paper describes the process, factors that affect the productivity of the workers, and methods for calculating productivity in terms 
of man-hours worked and cost per unit output. Safety is also a concern in roofing. While falls from roofs are a major cause of injuries 
on the construction job site, other injuries common to roofers include sprains and strains to the back, knees and ankles. The trend of 
constructing steep roofs, common in Texas high end residential homes, are implicated in these injuries. Safety plans and worker 
safety climate are low priorities for financially strapped construction companies. Designing out the hazard would be more effective 
than Personal Protective Equipment (PPE) in preventing accidents in the roofing industry.  
The paper concludes that research and development are needed to improve roofing construction methods to provide a safe and 
healthy environment for the worker and reduce costs of construction.  
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1. Introduction 
The Post World War II economic expansion brought about the wide spread use of asphalt shingles for residential roofing. These 
shingles were inexpensive and relatively easy to install. While the quality of materials have improved, the methodology for installing 
them has not changed significantly over the past 70 years. This study reviews the standard methodology for asphalt shingle 
installation and gives findings on the installation time and productivity. Common construction practices affect worker safety and 
designing out the hazard is more effective than Personal Protective Equipment (PPE) in preventing accidents. There have been great 
improvements to the quality of shingles due to the demand of home owners, but few to the methods of constructing the roof covering. 
A discussion of areas of research to improve installation methods is also included. 
Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2. Installation process 
Roofing is performed by specialty contractors in the construction industry with 200,000 workers directly employed in the 
application of roofs. [1] Observation of local roofing companies shows the average roofing crew typically consists between 5 to 10 
workers performing tasks in different areas on the roof simultaneously. Roofing contractors choose the number of workers depending 
on the size of the roof, the time frame for completion, and productivity of their crews. Factors that affect the productivity of the 
workers include the weather, temperature, wind speed, complexity of the roof, and slope of the roof.  
2.1. The setup 
Workers typically hand carry shingles to the roof although some roofing materials delivery companies will deliver the shingles to 
the roof. For shingle applications there will be one to two nailers and one helper working together depending on the type of shingle or 
roof being installed. The helper places a bundle of shingles near the nailer(s) and passes the individual shingles to the nailers. Each 
nailer then places the shingle in place and proceeds to attach the shingle using a roofing nail gun. Work begins on the lower left of 
the roof and proceeds to the right and up.   
2.2. The action zone 
The area where the nailer and helper are working is referred to as the Action Zone, as shown in Figure 1. The Action Zone moves 
with the workers as their work progresses across the roof. Several teams of two to three workers install shingles on different areas of 
the roof speeding up the process.  
 
  
 
Figure 1. Each nailer is working in their own Action Zone. 
2.3. Shingle bundles and squares 
An average size house (232.3 square meters (SQM)) with a 6/12 slope (26.6°) uses 88 bundles of shingles assuming a simple 
gable roof with no architectural features such as dormers. And can be completed in one 8-hour day. This estimate assumes three 
bundles of shingles make up a “square” which is 9.29 SQM (100 square feet) of completed roof measured in the plane of the roof. 
Some shingle types require four bundles to make up a square. More complex roofs as shown in Figure 2, can use up to 100 bundles 
of shingles and require two 8-hour days to complete. Steeper roofs require more shingles and take longer to install, not just because 
of the additional square footage, but the steepness of the roof is harder to navigate and the workers fatigue more quickly requiring 
more breaks. 
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Figure 2. Many roofs have complicated configurations 
3. Productivity 
Productivity for roofing is defined as the area of work divided by the number of man-hours worked to complete the task. 
Productivity can also be defined as the cost per unit output. Observation of roofing installation shows that the actual placing and 
nailing of the shingles takes little time. A nailer and one helper can place a bundle of shingles in less than 2 minutes. This would be 6 
minutes per square. For a 232.26 SQM house requiring 88 bundles (29.3 squares) the actual nailing time is just under 3 hours.  
However workers cannot nail continuously and the set up and clean-up of the project also takes time. Set up includes prepping the 
roof, installing drip edge and flashings, and laying building felt. The bundles of shingles must be carried to the roof by climbing 
ladders assuming the materials were not delivered to the roof and the bundles of shingles must be distributed around the roof for easy 
access during installation for both cases. Workers tend to stand and lean to the roof surface to place and nail the shingles. This allows 
them to walk along the roof surface while placing and nailing instead of crawling or repeatedly standing and sitting or kneeling. 
Ergonomically, standing and leaning cause fatigue and pain in the back and ankles. Standing and walking on a sloped surface causes 
pain and fatigue in the ankles and knees. This will be discussed further in the section on safety. 
3.1. Productivity defined as the area of work divided by the number of man-hours worked 
For the given example; if productivity were calculated in number of man-hours to only install a square of shingles, it would be 
29.3 squares divided by 6 man-hours (3 hours for each of two workers) or 4.89 squares per man-hour. However, if the total project 
time of 8 hours using a crew of 6 men were calculated the productivity would be 0.611 squares per man-hour.  When comparing the 
methodology for calculating productivity, the reasons for the calculations must be considered. When determining the productivity for 
installing shingles only the first calculation is informative. For Example, it was observed that by adding one nailer to the crew of two 
in an action zone, the time per square was reduced by half. The productivity for the two nailers and one helper is calculated by 29.3 
squares divided by 4.5 man-hours (3 workers at 1.5 hours per worker) is 6.51 squares per man-hour, an increase in productivity of 
33%. Reallocating the workers also produced a reduction in total project time from 8 hours to 6.5 hours. The total project 
productivity is now 0.751 squares per man-hour. This is an increase in productivity of 23%. 
3.2. Productivity defined as the cost per unit output 
Looking at productivity in cost per unit output, the unit output would be one “square” (9.29 SQM), the cost would be the labor 
cost for the crew. Prevailing wage for roofers in Dallas County, Texas is $8.54/hr. Once fringe benefits and payroll taxes are added, 
the cost to the company per man-hour will be closer to $15. The productivity for nailing one square of roof using two workers would 
then be $3.07/square. The cost for an action zone crew of two nailers and one helper decreases to $2.03/square, a cost savings of 
33%. When calculating the productivity for the project using 8 hours, a six man crew and a 232.26 SQM house, the labor 
productivity becomes $24.54/square. Remember all work is necessary to complete the job and a reduction in time of 1.5 hours for a 
better allocated crew would reduce the total project time to 6.5 hours. The project labor cost then becomes $19.94 /square, a cost 
savings of 23%. 
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3.3. Productivity of crew configurations 
The most productive configurations for crews is dependent on the roof configuration and the personality of the crews. The 
calculations presented here were made using observations of local crews. While some generalities can be made regarding 
improvements in productivity each crew would need to be observed and calculations made from the collected data to find methods 
for improving crew specific productivity. 
3.4. Productivity from management’s and worker’s points of view 
The idea of productivity is used by management to estimate costs and resources required. However field workers do not measure 
their own productivity, they simply work on given deadlines. [5] One report [5] surveyed managers in the construction industry to 
determine their perceptions for lost productivity. Weather was the main reason reported, followed by poor communication. Improved 
productivity was also surveyed with better planning, scheduling, and communication given as the highest responses. Workers on the 
other hand identified pitch, height, and age of roof in addition to weather as factors affecting productivity.  
3.5. Productivity and safety 
Workers also reported reduce productivity as the reason for not using fall protective devices. [5] However injuries play a direct 
role in the productivity of a project. A serious injury or death on the job stops all activities and hourly workers will continue to be 
paid during this time of no productivity. Workers not injured may be overly cautious reducing the project productivity. The injured 
worker may be replaced with a worker that is not familiar with the job or how the crew functions also lowering productivity. 
4. Safety 
Sixty-four percent of all fatalities in construction are due to falls from roofs. [9] Falls on the same level (6%) or falls to a lower 
level (20%) were found to account for 26% of all injuries involving days away from work. Other nonfatal occupational injuries 
involving days away from work were for sprains and strains (torn muscles and ligaments), cuts and punctures and fractures. This 
section looks at the injuries and fatalities associated with roof construction and their causes. 
4.1. Falls 
The most common causes of construction workers falling while shingling a roof are slips, trips, and loss of balance. Slips are 
caused by stepping on loose shingles which slide. The steepness of the roof is implicated in loss of balance as well as carrying 
shingle bundles in excess of 23 kg (51 lbs). [1] Fall prevention practices include safety harnesses, railings, modifications of ladders, 
training programs and administrative intervention. However, many residential small to medium size companies don’t used them due 
to the high cost of implementation. [2] One survey found that “Roofing contractors often incorporate safety to achieve higher 
productivity but they generally did not consider safety as a high priority in their business.” [5] 
4.2. Other causes of injury  
Other causes of days away from work are contact with objects (24%) and over extension (19%). [1] Looking at the nature of the 
injuries 36% of nonfatal occupational injuries involving days away from work were for sprains and strains (torn muscles and 
ligaments), cuts and punctures at 14% and fractures at 11%. [1] The trend in Texas has been toward steeper roofs. Residential roofs 
vary from 14˚ (3 on 12 slope) to 45˚ (12 on 12 slope) or greater. Fredricks, et al [1] found that there is a possible link between 
steepness of roofs and fall injuries. They also found higher incidences of strains, sprains and back injuries when working on steep-
sloped roofs. The common methods workers use to carry shingles up and down sloped roofs have a high potential risk for back 
injury. Workers also had greater foot/ankle pain when working on steeper roofs. 
4.3. Safety plans  
The lack of safety plans including fall protection plans have been shown to be a leading cause of falls in the industry. [2] Larger 
construction companies tend to have safety programs in place whereas smaller companies do not. [1] The extreme competitiveness in 
the industry, unsafe worker behavior, design difficulties, conventional construction practices and lack of knowledge all contribute to 
fall hazards. [1], [4] The lack of these measures also contribute to the other injury types prevalent in the roofing industry. 
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4.4. Work safety climate  
Work safety climate is defined as “the perception by workers of the emphasis employers place on safety over production.” [6] 
Work pressure demands in addition to lack of safety plans affect the work safety climate which in turn affects the frequency and 
severity of injuries and fatalities.  
4.5. Safety effectiveness  
It has been shown that the safety of the roofing work-force is dependent on the height of the roof and the slope of the roof. The 
emphasis in research has been to provide improved fall protection measures in both devises and training. Yet fall protection measures 
and training have not been effective in preventing injuries and fatalities. Productivity, whether perceived or real, is also affected by 
the use of safety equipment and greatly affected by an injury or death on the job site. The only effective safety measure would to be 
to keep workers off the roof. Yet this seems antithetical, impractical, and unmanageable.  
5. Mitigation of risk 
One of the main risks in roofing is the height of the work. Workers are required by OSHA to wear harnesses properly tied off 
when working over 6 feet on construction projects or provide other means to prevent workers from falling off the roof. However, 
very few residential roofing contractors provide safety devices for worker protection.  
5.1. Mitigating the risk with standard methodologies  
The most common method of protecting workers from falling is the Personal Fall Arrest System (PFAS). This consists of a full-
body harness, a shock absorbing lanyard or self-retracting lifeline, and anchorage. Figure 1 shows the roofers with harnesses and 
lanyards tied off appropriately. However, this photo was taken during construction of the TxAIRE research houses at UT Tyler. 
These research houses were built with government funding and all construction contractors were required to wear PPE’s as part of 
their contract. Most residential contractors do not wear these required PPE’s. 
A second acceptable method of protecting workers is the use of a guardrail system. This is referred to as a passive system because 
once it is erected, workers can work unencumbered. The guard rails effectively catch the workers before they fall off the roof. 
Workers prefer the passive protection systems. [4] There are several types of systems available. Some are metal brackets with 
wooden rails and toe boards. The brackets attach to the eaves and rakes of a residential house. Others attach to the roof rafters 
through the sheathing and can be moved up the roof as workers lay roofing materials. The most common type used in Texas is simply 
a standard wooden framing member nailed to the roof to provide a foot hold on steep roofs. This does not meet OSHA (Occupational 
Safety and Health Administration) requirements and does not protect workers from falling off the roof. While the PFAS and safety 
railings are available, few roofing residential contracting firms provide them for their employees. 
5.2. Mitigation by designing out the hazards    
Prevention through design is the elimination or significant reduction of risk at the design stage of tools, materials, processes and 
projects. It “applies to all tools, equipment, materials, and work processes that are applied to the construction process… (and) the 
constructed environment”. [3] Prevention through design is the OSHA recommended method for mitigating construction hazards. 
These passive measures eliminate the need for active protection measures during the construction process. [3] One design method of 
mitigating the risk of injury due to falls from a height is to build the roof on the ground. For the “2 Hour House” project built in Tyler 
Texas, [10] the ceiling joists and roof framing, all attic duck work, and the asphalt shingling were constructed on the ground while 
the home was being framed so as to save time and complete the house with in a three hour time frame window. The completed roof 
was then lifted onto the completed house framing by a crane. While this was a spectacular site and ingenious solution, it is not 
practical for most residential construction projects.  
Johnson et al recommends a combination of prefabrication of the roof and personal fall arrest systems. [4] Prefabricated systems 
would require heavy equipment to install them on the roof. This would reduce the risk, but not eliminate it. None of the methods 
discussed so far reduce the risk of sprains and strains from working on steep roofs. 
The best way to reduce the risk of falling off the roof and risk of injury due to working on sloped surfaces is to perform the work 
without the workers actually climbing on the roof. This would require automation machinery that would replace the worker on the 
roof, and the worker would then operate the machinery from the ground or from a scaffold that would give them a view of the roof to 
monitor its performance.  
According to Young-Corbett [3], there is a need to develop and disseminate novel and innovative designs to accomplish a safe and 
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risk free work place. Developing automation machinery for installing asphalt shingles on the roof would remove the worker from the 
roof surface and reduce the risk of falling and sprain and strain injuries. However, this machinery has not been fully developed. 
6. Mechanical advantage 
Mechanical advantage is basically machines that improve worker performance and make the work place safer. Construction 
methods used in the residential roofing construction industry employ few tools that improve performance and safety. The roofing nail 
gun is the only invention that has consistently improved worker performance when installing shingles. Although equipment is 
available to deliver shingles to the roof, workers still carry shingles up a ladder and across the roof. Some suppliers will deliver 
shingles to the roof, but if the roof is not ready to receive the shingles at the time of delivery, the shingles are delivered to the ground. 
Some contractors have makeshift ladders with a motorized lift that will deliver the shingles to the roof, but heavy bundles of shingles 
must still be carried across steep surfaces.  
Modern machinery needs to be developed to utilize mechanical advantage in the roofing industry. The fabrication of the 
automobile is fully automated, yet asphalt shingles are still placed one at a time by human hands in a dangerous working 
environment. 
7. Conclusion 
The state of the art for construction of residential asphalt shingles has changed little over the last 70 years. While the materials 
have improved drastically (10 year vs 30 year shingles) there is still needed research to improve to roofing construction methods to 
improve safety, worker health, and costs. Improved productivity can be achieved through studying crew working methods. However, 
regulations in construction safety have not improved the safety of the residential roofer. Removing the hazard by removing the 
worker from the roof is a better approach. This research is part of a larger research project to develop improved methods for 
installing asphalt shingle roofs using robotics. 
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